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Abstract 
This paper describes the methodology adopted for assessing the odour impact on the city of Terni, caused by the co-presence of 
three important industrial poles: the steel industry pole, the chemical pole and a third industrial pole, comprising different 
activities for the treatment of wastewaters and solid waste. The combination of olfactometric analyses and dispersion modelling
allowed both the quantification of the emissions and the evaluation of their impact on the territory, which turned out to be 
considerable, actually investing almost the whole city of Terni. The study results also enabled to identify the most problematic
odour sources. 
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1. Introduction 
In the last 30 years odours have become a serious environmental concern, and the discussion about the possible 
negative effects of odours on human health is still a widely studied and debated issue. Some studies prove that the 
exposure to odours may cause different effects on human beings, ranging from emotional stresses such as states of 
anxiety, unease, headache or depression to physical symptoms [1-2]. Odour nuisance problems are particularly 
worrying when more industrial activities exist near residential areas. One example of this situation is represented by 
Terni, a city counting 112000 inhabitants located in the Region of Umbria, with a high density of industrial 
activities, which makes it the most industrialized city of central Italy. Within the city boundaries, there are three 
important industrial poles (Figure 1). In the north-eastern part there is the steel industry pole. South west with 
respect to the town centre there is the chemical pole, consisting of different industries for the production of 
polypropylene and polypropylene products. Finally, there is a third industrial pole at the north-western part of the 
city, including different activities mainly for the treatment of wastewaters and solid waste. 
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Figure 1. Localization of the three industrial poles and considered odour sources 
In order to evaluate the entity of the problem and to investigate its origins, an odour impact study was conducted, 
which involved the identification of the principal odour sources of the three industrial poles of the city, the 
quantification of emissions by specific techniques for odour sampling and measurement (dynamic olfactometry) and 
the simulation of the dispersion of odour emissions on the territory by application of a suitable mathematical model. 
2. Materials and methods 
2.1. Odour sources identification 
The first important step for odour impact evaluation is the identification of the major odour sources to be 
monitored for the study. This was achieved with an accurate survey of the three industrial poles, i.e. the steel 
industry (SI), the chemical pole (CP) and the other plants located north-west from the town centre (OP). Over 60 
different odour emission sources were identified. These include point sources, i.e. conveyed emissions, e.g. through 
a stack, as well as area sources, i.e. liquid or solid surfaces without an outward flow. Given the high number of 
odour sources being identified, only one sample was collected for each source. This choice is further justified by the 
fact that emissions can be considered as continuous and constant with time. For dispersion modelling purposes, the 
single odour sources must be considered separately. Nonetheless, for an easier and more general interpretation of the 
results, it was decided to assemble similar odour sources into a reduced number of groups, according to their 
typology. The source typology must be taken into account in order to adopt specific sampling strategies and 
consequently to evaluate emissions correctly [3]. In the case of passive area sources (e.g., wastewater treatment 
tanks), sampling is performed using so called “hood” methods, whereby a hood is positioned over the emitting 
surface and a neutral air stream is introduced at known airflow rate into the hood, thus simulating the wind action on 
the liquid or solid surface to be monitored [4]. In this specific case, sampling on passive area sources was conducted 
using a neutral air stream from a synthetic air bottle, resulting in an air velocity inside the central body of the hood 
of 0.035 m s-1 [5]. 
Samples were collected on all the identified potential odour sources. Given the high number of sampling points 
(over 60), the sampling operations required 4 days, from Monday, 8th June 2009, to Thursday, 11th June 2009. 
2.2. Odour emission evaluation 
Dynamic olfactometry is a sensorial technique, i.e. a technique that uses the human nose as a sensor, which is 
most commonly used for odour measurement. Dynamic olfactometry allows the determination of the odour 
concentration (cod) of an odorous air sample, which is expressed in European odour units per cubic metre (ouE m
-3),
and represents the number of dilutions with neutral air needed to bring the sample to its odour detection threshold 
concentration [6]. The analysis is carried out by presenting the sample to a selected panel at increasing 
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concentrations by means of a particular dilution device called olfactometer, until the panel members start perceiving 
an odour that is identified to be different from the neutral reference air. The cod is then calculated as the geometric 
mean of the odour threshold values of each panellist. 
An olfactometer model TO8 produced by ECOMA GmbH, based on the “yes/no” method, was used as a dilution 
device. This instrument with aluminium casing has 4 panellist places in separate open boxes. Each box is equipped 
with a sniffing port in stainless steel and glass, and a push-button for “yes” (odour threshold). The measuring range 
of the TO8 olfactometer starts from a maximum dilution ratio of 1:65536, with a dilution step factor 2. All the 
measurements were conducted within 30 h after sampling, relying on a panel composed of 4 panellists. The 
panellists were selected based on their individual threshold towards a reference gas (n-butanol in nitrogen) and on 
the standard deviation of their responses, in conformity with the requirements of the European Standard for dynamic 
olfactometry [6-7]. 
In general, in order to characterize an odour emission, it is not enough to measure the odour concentration, but it 
is necessary to determine the so called “Odour Emission Rate” (OER) associated with each odour source, which is 
measured in ouE s
-1.
In the case of point sources, the OER can be calculated simply by multiplying the odour concentration value (in 
ouE m
-3) by the air flow (in m3 s-1), normalized at 20°C, which is the reference temperature according to the 
EN13725:2003. 
The evaluation of the OER relevant to area sources, e.g. wastewater treatment tanks, requires the calculation of 
the Specific Odour Emission Rate (SOER), which is expressed in ouE s
-1 m-2. The SOER is calculated as the product 
of the odour concentration (ouE m
-3) and the flow rate of the neutral air introduced into the sampling hood (m3 s-1) , 
divided by the base area of the hood (m2). The OER is finally obtained as the product of the SOER value and the 
emitting surface of the considered source (m2) [8]. 
Based on its definition, the OER of an area source is a function of the air velocity, i.e. the wind speed, on the 
emitting surface. Once the OER relevant to the sampling conditions (i.e. air velocity) is evaluated (OER1, v1), the 
OER for any other air velocity (OER2, v2) can be calculated using the following equation [9]: 
  5.01212 vvOEROER vv    (1) 
2.3. Dispersion modelling 
The model used is the CALPUFF model, a non-stationary puff atmospheric dispersion model, which is proved to 
be effective for the simulation of the dispersion of odours [10]. 
The model needs three different kinds of input data: orographical, meteorological and emission data [11]. 
As far as orography is concerned, the dimensions of the receptor grid on the simulation domain are 8000 m x 
8000 m, with a receptor point every 200 m. The domain dimension was chosen in order to include the whole city of 
Terni and the three industrial poles at issue. All orographical data were extrapolated from Google Earth. 
The meteorological data used for the simulation are the data registered over a complete year (2008) by a 
meteorological station located in the town centre (42°33’56’’ North and 12°38’50’’ East), at a height of 13 m. By 
means of a specific pre-processor, the micrometeorological variables such as the surface heat flux, the friction 
velocity, the Monin-Obukhov length, the convective velocity scale and the mixing height were calculated. 
The emission data for the simulation are based on the results of the olfactometric analyses. 
As already mentioned, in order to characterize an odour source, the OER, expressed in ouE s
-1, must be evaluated. 
It is worth to highlight that, as the OER from area sources is a function of the wind speed over the emitting surface, 
the OERs relevant to area sources are calculated for each hour of the simulation domain based on the current wind 
speed, according to the equation reported in the previous section. The model also requires other information about 
the emission sources, such as geographical coordinates, height, geometry (e.g., horizontal or vertical) and operating 
times. 
Given the high number of odour sources, three separate simulations were conducted, one for each industrial pole 
being considered. 
As output, the model calculates the hourly mean odour concentration for each receptor of the simulation grid and 
for each hour of the simulation period. The peak odour concentration can be obtained by multiplying the hourly 
mean odour concentration by a coefficient called peak-to-mean ratio. The peak-to-mean ratio could theoretically be 
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evaluated as a function of wind velocity, stability and distance from the source [12]. In this case, we decided to use a 
peak-to-mean ratio of 2.3, according to the indications of the guideline about the characterization and authorization 
of gaseous emissions from odour emitting activities, which is on the point of being issued in the Region of 
Lombardia, and is already used as a reference all over Italy [13]. 
Also the choice of how to represent the modelling results should be based on current regulations about odour 
impact evaluation. According to the above mentioned regional guideline, which suggests the 98th percentile 
methodology for odour impact evaluation, the 98th percentiles were extracted from the matrix of the ground peak 
odour concentration values. The results of the odour dispersion simulation are therefore represented in maps 
reporting the isopleths relevant to the 98th percentile of the hourly peak concentrations. 
3. Results and discussion 
3.1. Olfactometric measurements 
Figure 2 shows the OER values, expressed in ouE s
-1, relevant to the considered odour sources. 
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Figure 2. Odour Emission Rates (OERs) relevant to the considered odour sources 
It is important to highlight that, even though for the dispersion modelling the OERs relevant to area sources were 
calculated for each hour of the simulation domain based on the current wind speed, reports the “raw” data, i.e. the 
OER values referred to the sampling conditions, which correspond to an air velocity of 0.035 m s-1.
The overall odour emissions released into the atmosphere were defined as total OER (OER TOT) and calculated 
as the sum of the OER values of all the odour sources being considered for the study. The total OER was estimated 
to be equal to 218000 ouE s
-1.
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Figure 3. Distribution of the total OER among the three industrial poles 
By considering the odour sources of the three industrial poles separately, the relative contribution of each 
industrial pole to the overall odour impact can be evaluated as the ratio between the sum of the OER values relevant 
to the sources of each industrial pole and the total OER. In this case, the major contribution to the overall OER is 
given by the steel industry pole, accounting for over 50% of the total OER (111000 ouE s
-1). The emission from the 
chemical pole and the other plants represent 29% (63000 ouE s
-1) and 20% (43000 ouE s
-1) of the overall odour 
emissions, respectively (Figure 3). 
As far as the odour sources of the steel industry are concerned, the odour source defined as Blue Daneco, which 
consists of the primary emissions from the furnaces, with an OER of 57000 ouE s
-1, corresponding to 51% of the 
OER of the whole industrial pole, represents the major odour source of the steel industry. This high OER value is 
not due to the odour concentration of the effluents, which is rather low, i.e. 290 ouE m
-3, but to the enormous flow 
rate, which exceeds 700000 m3 h-1. Thus, given that the OER is calculated as the product of the odour concentration 
and the air flow rate, also low odour concentration values can result in high OERs if the air flow rate is substantial. 
Other important odour sources, in terms of OER, are those named oily mists abatement, LAF 4 and slag storage, 
giving 19%, 11% and 11% of the steel industry OER, respectively. The remaining odour sources, i.e. the two 
wastewater treatment plants (SIDA and IDAPIX) and the post-combustors, have much lower OER values with 
respect to the other considered odour sources, but are however not negligible. 
In the case of the chemical pole, it turned out to be a major odour source, i.e. Treofan, accounting for over 80% 
of the OER of the chemical pole with an OER of 52000 ouE s
-1. This value is similar to those relevant to the Blue 
Daneco, but in this case, the high OER results from both high odour concentration values measured at the stacks 
outlets, generally comprised between 700 ouE m
-3 and 9000 ouE m
-3, and high air flow rates, in all over 300000 m3 s-
1. Other minor but not negligible sources are the wastewater treatment plant (WWTP), with an OER of 7600 ouE s
-1,
and Meraklon, with an OER of 2400 ouE s
-1, corresponding to 12% and 4% of the chemical pole total OER, 
respectively. The contribution of the OER relevant to Novamont, being below 1000 ouE s
-1, may be neglected. 
In the case of the other plants, except for Printer, which has a negligible OER value (below 400 ouE s
-1), the OER 
relevant to this industrial pole is almost equally distributed among the considered odour sources: 44% (19000 ouE s
-
1) from the ASM wastewater treatment plant, 29% (13000 ouE s
-1) from the pulper incinerator En.A. and 21% 
(11000 ouE s
-1) from the ASM waste selection plant. 
3.2. Simulation of odour dispersion 
The results of the simulation of the odour emission dispersion are illustrated in Figure 4. The maps report the 
isopleths of the 98th percentile, on an yearly basis, of the peak odour concentration values relevant to the three 
studied industrial poles, respectively, in a scale from 1 ouE m
-3 to 10 ouE m
-3. The numbered bar in the upper part of 
the figures indicates the odour concentration value in ambient air, in ouE m
-3, which is constant on each isopleth. 
According to the definition of 98th percentile, these odour concentration values represent the odour concentration 
that is exceeded for 2% of the hours in a year. 
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Figure 4. Map of the 98° percentile of the peak odour concentration values relevant to the emissions from the steel industry pole (a), from the 
chemical pole (b) and from the other plants (c), in a scale from 1 ouE m-3 to 10 ouE m-3.
It is possible to observe that the odour impact relevant to all three studied industrial poles is considerable, 
actually investing almost the whole city of Terni. One important consideration concerns the shape of the three odour 
impact areas, which turned out to have different orientations, although the meteorological data used are the same. 
This is due mainly to geographical factors: the city of Terni is located in a sort of basin, which causes the emissions 
from the three studied industrial areas to be directed to the town centre. Another interesting consideration derives 
from the comparison of the dispersion modelling results with the results of the olfactometric analyses, i.e. the 
determination of the OERs of the industrial poles (Figure 3). Based on the olfactometric measurements results, the 
OER relevant to the steel industry turned out to be significantly higher than the OERs relevant to the chemical pole 
and the other plants. Despite of this difference, the odour impact relevant to the three industrial poles simulated by 
the model seems to be comparable. This can be explained making some considerations about the different source 
typologies. The odour sources of the steel industry are mainly point sources, consisting of high stacks (over 20 m 
high) that enhance the dispersion of odours into the atmosphere. On the contrary, the chemical pole and the other 
plants are both characterized by the presence of odour sources with a poorer dispersion capacity, such as lower 
stacks (less than 20 m high) and especially area sources. In the case of area sources the OER values are proportional 
to the square root of the wind speed, thus giving that the modelled OERs, which are calculated for each hour of the 
simulation domain based on the current wind speed, are actually much higher than the OERs reported in the 
previous section, which are referred to the sampling conditions, i.e. to an air velocity of 0.035 m s-1.
In order to visualize the most impacting odour sources the results of the dispersion modelling were further 
reported in a different scale, i.e. from 5 ouE m
-3 to 50 ouE m
-3 (Figure 5). 
Figure 5. Map of the 98° percentile of the peak odour concentration values relevant to the emissions from the steel industry pole (a), from the 
chemical pole (b) and from the other plants (c), in a scale from 5 ouE m-3 to 50 ouE m-3.
a b c
a b c
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Observing the position of the darker isopleths, which indicate the higher odour concentration values in ambient 
air, and knowing the geographical position of the different odour sources, it is possible to recognize that, as far as 
the steel industry is concerned, the most impacting odour source turned out to be the Blue Daneco. Analogously, the 
most important odour sources of the chemical pole turned out to be Treofan and the wastewater treatment plant, 
whereas in the case of the other plants, the major odour sources consist of the municipal wastewater treatment plant 
and the pulper incinerator. 
4. Conclusions 
This paper describes the methodology adopted in order to evaluate the entity of the odour impact on the city of 
Terni, and to investigate its origins. 
The olfactometric measurements allowed to determine the odour concentration values (ouE m
-3) and the odour 
emission rate values (ouE s
-1) relevant to each sampled odour source. 
The overall odour emissions released into the atmosphere were estimated to be equal to 218000 ouE s
-1: 51% 
from the steel industry pole, 29% from the chemical pole and 20% from the other plants, respectively. 
The results of the simulation of the odour emission dispersion show that the odour impact relevant to all three 
studied industrial poles is considerable, actually investing almost the whole city of Terni. Despite of the differences 
in the odour emission rate values resulting from the olfactometric analyses, the odour impact relevant to the three 
industrial poles simulated by the model seems to be comparable, due to the different source typologies. 
The combination of the results both of the olfactometric analyses and of the simulation of the emission dispersion 
allowed the identification of the most problematic odour sources of the three industrial poles at issue. As far as the 
steel industry is concerned, the most impacting odour source turned out to be the Blue Daneco, which consists of the 
primary emissions from the furnaces. The most important odour sources of the chemical pole turned out to be 
Treofan and the wastewater treatment plant, whereas in the case of the other plants, the major odour sources consist 
of the municipal wastewater treatment plant and the pulper incinerator. 
References 
[1] B. Brennan, Odour nuisance, Water and Waste Treatment 1993:(1993) 30-33. 
[2] D. Shusterman, Critical review: The health significance of environmental odor pollution, Arch Environ Health 47 (1992) 76-87. 
[3] A. Bockreis, I. Steinberg, Measurement of odour with focus on sampling techniques, Waste Manage 25 (2005) 859-863. 
[4] N. Hudson, G.A. Ayoko, Odour sampling. 2. Comparison of physical and aerodynamic characteristics of sampling devices: A review, 
Bioresource Technol 99 (2008) 3993-4007. 
[5] L. Capelli, S. Sironi, R. Del Rosso, P. Céntola, Design and validation of a wind tunnel system for odour sampling on liquid area sources, 
Water Sci Technol 59 (2009) 1611-1620. 
[6] CEN. EN 13725:2003. Air quality - Determination of odour concentration by dynamic olfactometry, Brussels; 2003. 
[7] L. Capelli, S. Sironi, R. Del Rosso, P. Céntola, S. Bonati S., Improvement of olfactometric measurement accuracy and repeatability by 
optimization of panel selection procedures, Water Sci and Technol 61 (2010) 1267-1278. 
[8] S. Sironi, L. Capelli, P. Céntola, R. Del Rosso, M. Il Grande, Odour emission factors for the prediction of odour emissions from plants for 
the mechanical and biological treatment of MSW, Atmos Environ 40 (2006) 7632-7643. 
[9] J.H. Sohn, R. Smith, E. Yoong, J. Leis, G. Galvin, Quantification of Odours from Piggery Effluent Ponds using an Electronic Nose and an 
Artificial Neural Network, Biosyst Eng 86 (2003) 399-410. 
[10] L. Wang, D.B. Parker, C.B. Parnell, R.E. Lacey, B.W. Shaw, Comparison of CALPUFF and ISCST3 models for predicting downwind odor 
and source emission rates, Atmos Environ 40 (2006) 4663-4669. 
[11] S. Sironi, L. Capelli, P. Céntola, R. Del Rosso, S. Pierucci, Odour impact assessment by means of dynamic olfactometry, dispersion 
modelling and social participation,. Atmos Environ 44 (2010) 354-360. 
[12] G. Schauberger, M. Piringer, E. Petz, Diurnal and annual variation of the sensation distance of odour emitted by livestock buildings 
calculated by the Austrian odour dispersion model (AODM), Atmos Environ 34 (2000) 4839-4851. 
[13] S. Sironi S, L. Capelli, Personal communication, http://www.reti.regione.lombardia.it/shared/ccurl/1018/1021/Linea%20guida%20odori.pdf 
